S1 The kinetics of HOBr+X-according to the general acid assisted mechanism
The reaction of HOBr with X -in acidic aerosols occurs according to the general-acid assisted mechanism (Eigen and Kustin, 1962) , summarized in Section 3.1 in the main text (reactions R10-R14).
A parameterisation of the rate of reaction of HOBr (aq) in terms of a pH-dependent second-order rate constant (k II ) is then used to calculate reactive uptake coefficients for HOBr under laboratory conditions, and for acidified sea-salt aerosol in the marine environment and in volcanic plumes (E6, main text, Section 3 and 4).
Here, the expression for k II (E6) is derived according to the reaction mechanism, in terms of the underlying rate constants k 1 , k -1 , k 0 and k H . The rate of reaction of HOBr (aq) is equal to the rate of production of BrX (aq) , given by ES3. Substitution of the equation for [HOBrX -(aq) ], ES2, into the rate equation ES3, yields ES4, enabling the secondorder rate constant, k II , to be defined in terms of k 1 ,k 0 ,k H and [H
S2. Calculation of HOBr reactive uptake coefficients
The equation to calculate the HOB reactive uptake coefficient, γ HOBr , is given in equation ES6.
Parameters within this equation were defined as follows. 
 
The accommodation coefficient, α HOBr was set to 0.6, following experimental findings by Wachsmuth et al. (2002) who measured accommodation-limited uptake onto NaBr (aq) particles under very low HOBr (g) concentrations. It is assumed that this accommodation coefficient is also representative for acidified NaCl (aq) or H 2 SO 4(aq) particles in the troposphere.
Temperature, T = 298 K unless otherwise stated, the ideal gas constant R = 8.206·10
-2 L atm K -1 mol -1
.
The particle radius, r, was set to r = 1 or r= 0.1 μm, noting the occurrence of both supra-and submicron aerosol in the marine environment and volcanic plumes. The mean molecular velocity of 
HOBr solubility in weakly acidified sea-salt aerosol is represented using the value for water, 6.1·10 3 M atm -1 at 291 K, (Frenzel et al., 1998) , which we apply directly to this study at 298 K, consistent with the value of > 1.9·10 3 mol L -1 atm -1 at 298 K estimated by Blatchley et al., (1991 concentration through acid-displacement (given the use of HCl as the acidifying agent).
S3.1.2 H 2 SO 4 -acidified sea-salt aerosol of Pratte and Ross (2006)
E-AIM model III calculations were performed for H 2 SO 4 -acidified sea-salt aerosol at H 2 SO 4 :NaCl = 1.45:1, and 50 and 80% RH, to predict aerosol composition under the experimental conditions of Pratte and Rossi (2006) , where the E-AIM model III temperature of 298.15 K is close to the reported experimental conditions of 296 K. An estimated sea-salt concentration of 8 μmol/massumed, based on the product of the NaCl molarity (e.g. 2.9 M at 70% RH) initially estimated by Pratte and Rossi (2006) cm -3 at RH = 40, 70 and 90%, respectively). However, the E-AIM data suggest the aerosol composition differs to that estimated by Pratte and Rossi (2006) .
The E-AIM model predicts that Cl . Thus, E-AIM predicts that the addition of H 2 SO 4(aq) causes substantial acid-displacement of HCl (g) from the sea-salt under the experimental conditions. The HCl (g) displacement acts to lower the aerosol Cl -(aq) concentration, and the effect is more pronounced at low relative humidity where wt%H 2 SO 4 of the acidic aerosol solution is higher, hence HCl solubility lower.
Pratte and Rossi (2006) did not measure aerosol composition during their experiment, but make the assumption that chloride remained entirely in the aerosol-phase in their discussion of their data, noting that they not detect any HCl (g) . However, the predicted HCl (g) concentrations by E-AIM e.g.
~8•10
-6 mol m -3
, equivalent to ~5•10 12 molec cm -3 are below the ~2·10 13 molec.cm -3 detection limit reported by Pratte and Rossi (2006) . This can also be shown directly from the aerosol properties estimated by Pratte and Rossi (2006 , i.e. below their reported detection limit.
S3.2 E-AIM application to a progressively H 2 SO 4 -acidified marine aerosol
Because E-AIM model versions cannot predict the composition of aerosol which contains all four -(aq) also depends on the total aerosol volume, and was calculated using ES11, (Seinfeld and Pandis, 2006) ) determined from the E-AIM output (for a specified sea-salt concentration in moles/m 3 and degree of acidification). This 'simple' model sea-salt aerosol composition does not include carbonate buffering (or the effect of other potential impurities such as ammonium). The model aerosol composition is independent of the particle radius, r (which nevertheless is an input parameter to the calculations of the uptake coefficient).
General results for a model sea-salt aerosol that undergoes progressive H 2 SO 4 acidification are given in Figure S1 , based on a single mode sea-salt aerosol, with a PM10 concentration of 10 μg m -3 (Seinfeld and Pandis, 2006) , which is equivalent to 0.1 μmoles/m 3 Na + at 80% RH and 298 K according to E-AIM calculations of NaCl (aq) . Having set [Cl] = [Na], the H 2 SO 4 :Na molar ratio was varied from 0.05 to 400 and E-AIM was used to determine the equilibrium aerosol composition, with bromide and HBr partitioning determined using Henry's law.
The H 2 SO 4 -acidification induces acid-displacement of HCl (g) , which occurs around H 2 SO 4 :Na ≥ 0.4 for the model aerosol, depleting Cl -(aq) concentrations. Further addition of H 2 SO 4(aq) acts to increase the total aerosol volume but does not in fact dilute [Cl -(aq) ] given the presence of a HCl (g) reservoir that responds by increased HCl (g) to Cl -(aq) partitioning. Conversely, acid-displacement of HBr (g) is less effective due to the higher solubility of HBr (e.g. Sander, 1999) , and the increasing aerosol volume (as consequence of the additional H 2 SO 4(aq) ) acts to dilute Br -(aq) (as well as Na + (aq) ) at high H 2 SO 4 :Na. Note that in our model aerosol HBr temporarily partitions to the gas-phase upon addition of H 2 SO 4(aq) but returns to the aqueous-phase at higher H 2 SO 4 :Na ratios as consequence of the increasing total aerosol volume. However, in a real marine environment with multiple aerosol modes, bromide might largely remain in the aqueous-phase. In any case, there exists no HBr (g) reservoir at high H 2 SO 4 :Na ratios; bromide concentrations are diluted but the bromide:sodium ratio in the aerosol still reflects that of sea-salt. In summary, halide concentrations are reduced in H 2 SO 4 -acidified sea-salt aerosol both by acid-displacement of HCl (g) and by dilution of Br -(aq) by the additional H 2 SO 4(aq) volume upon a high degree of H 2 SO 4 -acidification. Similar HCl-displacement is expected to occur for HNO 3 -acidification of sea-salt aerosol, but not for acidification of sea-salt aerosol by HCl.
Figure S1
Gas-aerosol partitioning according to E-AIM thermodynamic model III for a progressively H 2 SO 4 -acidified model sea-salt aerosol. Temperature is 298 K, relative humidity is 80%. Na concentration was set to 1. (e.g. Mather et al., 2003) . This 'quasi-direct' volcanic emission of sulfate is believed to be caused by high-temperature production of SO 3 in the near-vent plume (Mather et al., 2003) followed by lower temperature reaction with H 2 O (Roberts et al., 2009) . For the abovementioned volcanic emission composition, the absolute concentrations required for the E-AIM input (in moles m The predicted aerosol and plume composition for Etna is shown in Figure S2 for two of the three plume dilution scenarios, at three different temperatures. Whilst the Etna emission -(aq) ] on RH is initially positive, as HX solubility is greater at higher pH (thus, higher RH). However, in the more concentrated plume scenario the increase in aerosol volume with RH can lead to complete removal of HX (g) followed by dilution of [X -(aq) ]. The decline in [X -(aq) ] is more pronounced and occurs earlier for Br -(aq) than Cl -(aq) given higher solubility and lower gas-phase concentrations. These declines in [X -(aq) ] are only seen for the strong plume scenario as gas-toaerosol partitioning is much lower for the dilute plume scenario such that HX is not depleted. The Br -composition used here for Etna is based on an average volcanic Br/S emission reported by Aiuppa et al. (2005) , as used in the modelling study of Roberts et al. (2014) , and a factor of two and three lower than that assumed by Roberts et al. (2009) and von Glasow (2010) respectively. Our assumed volcanic aerosol composition also differs to that reported by Martin et al. (2012) in an E-AIM study of the Masaya volcano emission, due to differences in the volcano-specific gas and aerosol emission, although both of our E-AIM applications predict similar tendencies for aerosol compositional changes as a function of temperature and RH. 
